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PROBLEM TO BE SOLVED: To manufacture a manifold having a desirable shaped runner highly 
precisely and inexpensively without applying complicated machining. 

SOLUTION: A first gate member 10, second gate member 12 and nozzle touch member 14 in 
which through-holes are formed- are produced by a precision casting method. The nozzle 
touch member 14, first gate member 10 and second gate member 12 are joined so that the 
through-holes mutually communicate by a liquid phase diffusion joining method. After 
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(54) MANUFACTURE OF MANIFOLD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a manifold having a 
desirable shaped runner highly precisely and inexpensively without 
applying complicated machining. 

SOLUTION: A first gate member 10. second gate member 12 and nozzle 
touch member 14 in which through-holes are formed are produced by a 
precision casting method. The nozzle touch member 14, first gate 
member 10 and second gate member 12 are joined so that the through- 
holes mutually communicate by a liquid phase diffusion joining method. 
After positioning a formed body 24 composed of three members 10, 12, 
14 having a runner 26 constituted of three through-holes mutually 
communicated in a box, the manifold 34 inserted with metal 43 as cast- 
in is manufactured by casting the molten metal in the box. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two or more members (10, 12, 14) in which the through-hole (10a, 12a, 14a) of a necessary configuration was formed 
The Plastic solid (24) in which the runner (26) was formed as a whole by joining so that the through-hole (10a, 12a, 14a) may be 
mutually open for free passage is created. The manufacture method of the manifold characterized by carrying out supply 
solidification of the molten metal where welding fixation of this Plastic solid (24) is carried out into a box (28), and 
manufacturing a manifold (34). 

[Claim 2] The manufacture method of the manifold according to claim 1 which was made to carry out supply solidification of the 
molten metal where positioning fixation of the pipe (50 52) is carried out at the part which contains a thermocouple (46), a heater 
(48), etc. in the aforementioned box (28). 

[Claim 3] The manufacture method of the manifold according to claim 1 or 2 which made the molten metal which carries out 
teeming into the aforementioned box (28) 13 chromium stainless steel while forming the aforementioned Plastic solid (24) with 
tool steel 

[Claim 4] Two or more aforementioned members (10, 12, 14) are the manufacture methods of the manifold given in any of claims 
1 , 2, or 3 they are by which pressurization junction is carried out in the state where the insertion material (1 6) which makes low 
melting alloys the quality of the material was made to be placed between the opposed faces joined. 

[Claim 5] The aforementioned member (10, 12, 14) is the manufacture method of a manifold given in any of the claims 1, 2, 3, or 
4 manufactured by precision casting they are. 

[Claim 6] While making it counter so that it may be in agreement in the slot (54a, 56a) which the aforementioned member (53) 
consisted of a division object (54 56) of a couple, and was formed in the opposed face of the biparite segmenter (54 56) at the 
symmetrical configuration The manufacture method of a manifold given in any of the claims 1, 2, 3, or 4 manufactured by carrying 
out pressurization jimction in the state where the insertion material (58) which makes low melting alloys the quality of the 
material was made to be placed between the opposed faces they are. 

[Claim 7] The manufacture method of the manifold made to manufacture by carrying out pressurization junction in the state where 
the insertion material (63 65) which makes low melting alloys the quahty of the material was made to be placed between the 
opposed faces while making it counter so that it may be in agreement in the slot (59a, 61a) which consisted of a division object 
(59 61) of the couple formed with a metal, and was formed in the opposed face of the biparite segmenter (59 61) at the 
symmetrical configuration. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the Plastic solid in which this invention formed the runner still in detail about the 
manufacture method of a manifold -- ******** - it is related with the manufacture method of a manifold of having enabled it to 
manufacture a manifold cheaply by things 
[0002] 

[Description of the Prior Art] heating melting of thermoplastics or the thermosetting resin is carried out - making - the bottom of 
a pressure — this melting resin -- metal mold ~ in the injection molding machine which injects to inside and obtains the resin 
mold goods of a necessary configuration, the manifold which distributes and sends a melting resin into two or more metal mold is 
used It is constituted so that two or more gate sections with which metal mold is connected, respectively may be formed in the 
field of another side and the nozzle-touch section and two or more gate sections may open this manifold for firee passage through 
the runner formed in the interior of a manifold by branching while the nozzle-touch section connected with a injection nozzle is 
formed in one field, and the melting resin pressed fit in the nozzle-touch section fi-om the injection nozzle is distributed by the 
aforementioned runner -- having - each gate section - minding -- the metal mold of correspondence it is injected equally, 
respectively and, thereby, mold goods are formed in inside 

[0003] It is the **** material 74 about the part which carries out opening to the side of the 1st hole 62 as are shown in drawing 
10 (a), and it is shown in the manifold main part 60 at drawing 10 (b), after carrying out penetration drilling of the 1 st hole 62 
fi-om the side when forming the runner who branches firom the nozzle-touch section to the aforementioned manifold at the two 
gate sections, and is weir Subsequently, the 2nd hole 72 which intersects perpendicularly with the 1st hole 62 and forms 

the nozzle-touch section 70 is drilled firom the tooth-back side of the manifold main part 60, and flie 1 st hole 62 is made to 
penetrate, as shown in drawing 10 (c). Moreover, the 3rd hole 66 which intersects perpendicularly with the 1 st hole 62 and forms 
the gate section 64 is drilled from a front-face side, and it is made open for free passage with the 1 st hole 62. R is made to form in 
the rectangular section 68 of the 1 st hole 62 and the 3rd hole 66 by using what has the round nose of cam of a drill at this time. 
[0004] By the runner 76 who formed, as it mentioned above, since it is formed so that other holes 72 may intersect 
perpendicularly to the 1st hole 62, in the free passage section, a runner 76 bends right-angled and produces channeling of a 
melting resin, and stay by this part. Since disorder arose with the flow of a melting resin when such a phenomenon occurred, 
disorder was produced also with the flow of the melting resin injected by metal mold from each gate section 64, and there was a 
problem to which forming nonunifoimity, thickness deviation, etc. occur in the obtained mold goods, and the incidence rate of a 
poor product becomes high. Moreover, when the melting resin piled up in a runner's 76 free passage section, the carbide particle 
by the so-called resin burning and the so-called pyrolysis etc. carried out generation adhesion at this part, this separated, it might * 
mix in mold goods, and the product percent defective was to be raised. 

[0005] Then, the structure which forms the slot of a half-rate in each field as for which makes a manifold block construction and 
two (division objects cany out a pressure welding mutually symmetrically, and formed the runner of a request configuration in the 
pressure-welding side as a hollow path by carrying out the pressure welding of these biparite segmenter is proposed. According to 
this structure, the part which a runner bends can be formed in the shape of a curve, and channeling of the melting resin in the 
bending section and stay can be prevented. 
[0006] 

[Problem(s) to be Solved by the Invention] Although the manifold of the aforementioned block construction carries out support 
fixation of the whole with a frame where the pressure welding of the two division objects is carried out, a minute crevice exists in 
the mutual pressure-welding side of a division object unescapable, and it may cause the situation where the melting resin of the ■ 
high-pressure force exudes from this crevice. Although what is necessary is just to have taken measures which raise the process 
tolerance of the mutual pressure-welding side of each division object, and a minute crevice does not produce at the time of the 
assembly of a division object in order to solve such a problem, such disposal is very complicated and had become the cause which 
raises the manufacturing cost of a manifold. 

[0007] Then, this applicant proposed per [ which fabricates the member which formed some runners who should form in the 
manifold for manufacture by precision casting, such as a lost wax process, ] method. By this method, since a minute crevice is not 
produced into a runner's formation portion while being able to form a runner's bending section in the shape of a curve, while 
being able to mass-produce the low product of a percent defective, a manufacturing cost can be reduced. 
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[0008] In this case, although the whole manifold which has the runner of a request configuration by joining and combining 
mutually two or more members in which some aforementioned runners were formed was manufactured, it joined certainly [ how ], 
and two or more members were combined, or ** had become a new technical problem. 
[0009] 

[Objects of the Invention] this invention is proposed in view of the aforementioned technical problem inherent in the Prior art 
mentioned above to solve this suitably, and oflfers the manufacture method of a manifold that the manifold which has the runner of 
a request configuration can be manufactured by high degree of accuracy and the low cost, without giving complicated processing 
- it aims at things 
[0010] 

[Means for Solving the Problem] The manufacture method of the manifold which starts this invention in order to conquer the 
technical problem mentioned above and to attain the desired end suitably is characterized by creating the Plastic solid in which the 
runner was formed as a whole, carrying out supply solidification of the molten metal^ where welding fixation of this Plastic solid is 
carried out into a box, and manufacturing a manifold by joining two or more members in which the through-hole of a necessary 

configuration was formed so that the through-hole may be mutually open for free passage. 

[001 1] In order to attain the aforementioned purpose suitably, while making it counter so that it may be in agreement in the slot 
which the manufacture method of the manifold concerning another invention of this application consisted of a division object of 
the couple formed with a metal, and was formed in the opposed face of the biparite segmenter at the symmetrical configuration, it 
carries out making it manufacture by carrying out pressurization junction in the state where of the insertion material which makes 
low melting alloys the quality of the material was made to be placed between the opposed faces as the feature. 
[0012] 

[Embodiments of the Invention] Next, about the manufacture method of the manifold concerning this invention, a suitable 
example is given, and it explains below, referring to an accompanying drawing. In addition, in the example, when manufacturing 
the manifold equipped with the two gate sections, it e?q5lains per. 

[0013] first, the two gates which formed the through-holes 10a and 12a of L typeface in the metallicity block of an abbreviation T 
typeface as shown in drawing 1 - one nozzle touch which formed through-hole 1 4a of T typeface in the metallicity block of an 
abbreviation T typeface as well as members 10 and 12 -- a member 14 is cast by precision casting, such as a lost wax process If it 
explains briefly per this lost wax process, the circumference of the wax pattern created by the master pattern (prototype model) is 
wrapped in surface-coating material, the circumference will be further filled up with refractories powder, such as silica sand 
which makes a binder the ethyl silicate which is a covering binder, or a zircon sand, precision mold will be cast, the temperature 
after dryness will be raised, and it is begun to melt a wax pattern. Then, mold is calcinated by the firing furnace and a product is 
cast by pouring in a molten metal by the centrifugal force, pressurization, or the vacuum-casting method, in addition, the 
aforementioned gate - members 10 and 12 and a nozzle touch -- if the structure of a member 14 is e5q)lained in more detail - 
drawing 1 - setting ~ right-hand side - by the member 10 the 1st gate L form through-hole 10a which carries out opening by the 
left-hand side open end of horizontal-level 10b and the open end of vertical section 10c is formed, left-hand side the 2nd gate in a 
member 12 L form through-hole 12a which carries out opening by the right-hand side open end of horizontal-level 12b and the 
open end of vertical section 12c forms -- having - a nozzle touch ~ in the member 14, T form through-hole 14a which carries out 
opening by the right-and-left open end of horizontal-level 14b and the open end of vertical section 14c is formed Each bending 
section of the through-holes 10a, 12a, and 14a of each part material 10, 12, and 14 cast by the aforenientioned precision casting is 
formed in the shape of a curve, and can prevent now channeling of the melting resin which flows the below-mentioned runner 26 
constituted by these through-holes 10a, 12a, and 14a, and stay. 

[0014] Here, since rapid consumption of a runner wall poses a problem when engineering plastics, a ceramic content resin, etc. 
which mixed the glass fiber as a molding material of an injection molding machine are used, while bearing the elevated 
temperature at the time of the cast of molten metal mentioned later as the quality of the material of the aforementioned each part 
material 10, 12, and 14, for example, 13 chromium stainless steel and tool steel which are excellent in abrasion resistance and 
corrosion resistance are used suitably. 

[0015] Each part material 10, 12, and 14 cast by the aforementioned precision casting is mutually joined by the 
liquid-phase-dififiision-welding method, namely, -- furst ~ a nozzle touch - between the right end side of horizontal-level 14b in a 
member 14, and the left end sides of horizontal-level 10b [ in / a member 10 / the 1st gate ] - both ~ the opposite contact of the 
ends side is carried out in the state where the insertion material 16 of the low melting point which makes an amorphous alloy (low 
melting alloys) the quality of the material was made to intervene from members 10 and 14 This insertion material 16 is formed in 
the shape of a ring, as shown in drawing 2 . and the through-holes 10a and 14a oftheRyobe material lOand 14 open it for free 
passage mutually in the state where this insertion material 1 6 was intervened, thus, the opposite contact of the end faces was 
carried out - both — the state where the open end (right end side) of horizontal-level 10b in a member 10 was installed in the 
plinth 1 8 the 1 St gate as members 1 0 and 1 4 were shown in drawing 3 - a nozzle touch — contact maintenance of the open end 
(left end side) of horizontal-level 14b in a member 14 is carried out with a press 20, and the fixed welding pressure P to shaft 
orientations is applied to both the horizontal levels 10b and 14b with this press 20 Moreover, the Ryobe material 10 and 14 is 
joined by heating the joint grade of the Ryobe material 10 and 14 with the induction coil 22 of low or a RF. That is, the insertion 
material 16 ftised by heating by the induction coil 22 joins together in metal by being spread at the edge of two members 10 and 
14, and firm junction is made. 

[0016] next, a nozzle touch - the opposite contact of the left end side of horizontal-level 14b of a member 14 where the member 



2 of 4 



6/27/03 2:29 PM 



http7/www4 .Ipdl .jpo.go.jp/cgi-bln/tran_web_cgi_elje 



10 is not joined the 1st gate, and the right end side of horizontal-level 12b [ in / a member 12 / the 2nd gate ] is carried out in the 
state where the insertion material 16 was made to intervene As shown in drawing 4 , the open end (right end side) of 
horizontal-level 10b in a member 10 in and the state where it installed in the plinth 1 8, the 1st gate While carrying out contact 
maintenance of the open end (left end side) of horizontal-level 12b in a member 12 with a press 20 the 2nd gate and applying the 
fixed welding pressure P to shaft orientations to both the horizontal levels 12b and 14b with this press 20 The joint grade is joined 
by heating the joint grade with an induction coil 22. this shows drawing 5 — as — a nozzle touch — a member 14 — the two gates 

— Plastic solid 24 which joined members 10 and 12 mutually is obtained, and the runner 26 who consists of three through-holes 
10a, 12a, and 14a is formed in the interior of this Plastic solid .24 

[0017] in addition, a nozzle touch ~ a member 14 and the gate — it is the basis by which the junction to members 10 and 12 set 
1/100000 torr and heating temperature as 1 200 degrees C, and set welding pressure P as 0.5 kg/cm2 for the degree of vacuum of 
for example, a vacuum heating fiimace, and **** inert gas, such as an argon (Ar), is supplied to the joint grade, and it is carried 
out in the state where it was made into the non-oxidizing atmosphere near this joint grade and the thing held on the 
aforementioned conditions for about 1 hour -- a nozzle touch -- a member 14 and the gate members 10 and 12 are joined 
certainly 

[0018] Next, as shown in drawing 6 , two or more steel plates 30 for creating the box 28 opened up are prepared, and 
throu^-hole 30a which can insert the edge (nozzle touch vertical section 14c of a member 14 and each gate vertical sections 10c 
and 12c of members 10 and 12) of aforementioned Plastic solid 24 used as the nozzle-touch section 36 and the gate sections 38 
and 38 in a manifold 34 in the necessaiy position of the steel plates 30 and 30 located before and after this box 28 is drilled, 
respectively. And where the edge corresponding to each through-hole 30a in Plastic solid 24 is inserted in, after welding this 
Plastic solid 24, a box 28 is assembled with two or more steel plates 30. Thereby, positioning fixation is carried out in the state 
where Plastic solid 24 made the method of outside face the interior of a box 28 the nozzle-touch section 36 and the gate sections 
38 and 38. Moreover, the dashboard 44 which forms the runner 42 by which teeming of the molten metal is carried out to the 
cavity 40 by which Plastic solid 24 is positioned is arranged in the interior of a box 28, and it sets up so that a cavity 40 and a 
runner 42 may be opened for free passage in the lower part of a dashboard 44. in addition, a steel plate 30 and a dashboard 44 — 
mild steel and SS material (structural rolled steel) — in addition to this, SC material (carbon steel for machine structures) is 
formed as a material 

[00 1 9] Moreover, since it is necessary to form the through-hole which contains a thermocouple 46 and a heater 48 (refer to 
drawing 7 ), the pipes 50 and 52 positioned to the corresponding part in the aforementioned cavity 40 are welded to a steel plate 
30 or a dashboard 44, and it fixes to the manifold 34. In addition, while pipes 50 and 52 are formed of the proper metallic 
material which bears the elevated temperature at the time of the cast of molten metal, the bore is set as the size which can contain 
a thermocouple 46 and a heater 48. Moreover, the opening edge of the pipes 50 and 52 positioned by the cavity 40 is constituted 
so that molten metal may not permeate. 

[0020] Subsequently, the runner 42 of the aforementioned box 28 is gradually filled up with molten metal from the lower part of a 
dashboard 44 by casting molten metal, such as 1 3 chromium stainless steel, at the cavity 40 in which Plastic solid 24 in a box 28 
is located. Thereby, the ****** rare ** manifold 34 is manufactured for Plastic solid 24 and pipes 50 and 52 in one with a metal 
43 (refer to drawing 7 ). In addition, fiill removal of the box 28 is carried out until the metal layer which set like the last fitter, and 
was ****(ed) and cast is exposed. In this case, since it pushes up to a cavity 40 from a pars basilaris ossis occipitalis by the 
dashboard 44 and molten metal is cast by the method. Plastic solid 24 can carry out an erosion locally by the molten metal cast, or 
it can suppress that defects, such as a shrinkage cavity, occur. Moreover, it contains inside the frame which formed the box 28 
independently, and casting molten metal, where molding sand, a steel shot, etc. are stuffed among both is recommended. 
[0021] namely, the nozzle touch in which the through-holes 10a, 12a, and 14a which constitute a runner 26 like an example were 
formed - a member 14 and the gate - it can join certainly only by forming an end face flat and smooth, without doing the 
complicated work which forms a complicated groove in the joint by having joined members 1 0 and 1 2 mutually by the 
liquid-phase-difiusion-welding method using the amorphous alloy moreover, the state where Plastic solid 24 was positioned by 
welding in the box 28 — a metal 43 -- one ---like - ********^ by things, a runner 26 can be formed in an exact position 
Furthermore, by positioning pipes 50 and 52 beforehand in the position which forms the through-hole which contains the 
thermocouple 46 and heater 48 in the interior of a box 28, it is not necessary to form a through-hole by post processing, the 
number of processes can be reduced, and the rate of productivity can be raised. 

[0022] In addition, as a method of manufacturing the aforementioned nozzle-touch member and a gate member, the block 
construction shown in drawing 8 is also employable, namely, the gate — if it explains per when manufacturing a member 53 — this 

- while constituting a member 53 from division objects 54 and 56 of a couple, the slots 54a and 56a of the shape of a half-rate 
which constitutes a runner 26 in the opposed face of the biparite segmenter 54 and 56 are formed symmetrically And the biparite 
segmenter 54 and 56 is joined by applying welding pressure and heat to the joint grade in the state where the insertion material 58 
which consists of an amorphous alloy was intervened between the opposed faces of the biparite segmenter 54 and 56. the gate in 
which the bending section was formed in the shape of a curve by this - a member 53 is manufactured In addition, it is placed 
between the whole fields in which the slots 54a and 56a of the division objects 54 and 56 are not formed by the insertion material 
58. 

[0023] the gate formed of such block construction - in a member 53, since it is placed between the whole opposed faces of the 
biparite segmenter 54 and 56 by the insertion material 58, a crevice is not produced among both That is, since it becomes 
unnecessary to raise the process tolerance of the pressure-welding side of tiie division objects 54 and 56, or to take separately 
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measures which a crevice does not produce, a manufacturing cost can be reduced, after [ and ] joining mutually by the 
Uquid-phase-diffusion-welding method which mentioned two gate members above in the nozzle-touch member manufactured 
with the same block construction -- a metal one — like — ******** — the manifold with which the runner of a request 
configuration was formed of things is manufactured 

[0024] Furthermore, the block construction shown in drawing 9 is also employable as a method of manufacturing a manifold. 
That is, while constituting a manifold 34 from division objects 59 and 61 of a couple, the slots 59a and 61 a of the shape of a 
half-rate which constitutes a runner 26 in the opposed face of the biparite segmenter 59 and 61 are formed symmetrically. And the 
biparite segmenter 59 and 6 1 is joined by applying welding pressure and heat to the joint grade in the state where the insertion 
material 63 and 65 which consists of an amorphous alloy was intervened betweai the opposed faces of the biparite segmenter 59 
and 6 1 . Thereby, the manifold 34 with which the bending section was formed in the shape of a curve is manufactured, hi addition, 
it is placed between the whole fields in which the slots 59a and 61a of the division objects 59 and 61 are not formed by the 
insertion material 63 and 65. 

[0025] In addition, although it explained per in the example when a nozzle-touch member and a gate member were joined by the 
liquid-phase-difiusion-welding method which used insertion material, this application is not limited to this and may be made to 
**** both members by TIG arc welding etc. Moreover, the manifold obtained by the manufacture method of this application may 
be a metal as a molding material which can also use not only for an injection molding machine but for an extruding press machine 
etc., and is further used with a making machine. Furthermore, althou^ the pipe was used in the example in order to form the 
through-hole which contains a thermocouple and a heater, it is also possible to use a solid metal rod, to set like the 
below-mentioned last fitter, and to drill a through-hole by **** processing. In this case, when cutting forms a solid metal rod with 
an easy material, cutting at a back process becomes easy. 
[0026] 

[Effect of the Invention] As explained above, according to the manufacture method of the manifold concerning this invention, the 
manifold which serves as a candidate for manufacture because it was made to carry out supply solidification of the molten metal 
where welding fixation of the Plastic solid in which the runner was formed is carried out into a box can be mass-produced by the 
low cost. And since a Plastic solid is fixed in a box, a ruimer's position precision can be raised. Moreover, since a runner's 
bending section can be formed in the shape of a curve by manufacturing each part material by precision casting, channeling of a 
molding material and stay which flow this runner can be prevented, and the percent defective of a product may be reduced. 
Furthermore, since the process which forms in a box the hole which contains a thermocouple, a heater, etc. by carrying out 
positioning fixation of flie pipe beforehand can be skipped, while reducing the number of processes and being able to reduce a 
manufacturing cost, it becomes possible to raise the rate of productivity. 

[0027] Moreover, it is not necessary to form a complicated groove in the edge of each part material, and by joining each part 
material by the liquid-phase-diffiision-welding method by low melting alloys, processing is easy and has the advantage which 
does not require skill. Furthermore, the biparite segmenter can be certainly joined by joining the division object of a couple by the 
liquid-phase-diffiision-welding method by low melting alloys, when manufacturing each part material with block construction, 
without producing a minute crevice. 
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welded zone and a coarse grain growth by this method. 
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(54) UQUID PHASE DIFFUSION JOINING METHOD 

(57)Abstract: 

PURPOSE: To prevent the deterioration of strength of a joined part by 
carrying cut wet plating on the joining face of members to be joined and 
forming plated layers consisting of >3 elements in all with >1 element 
selected from metal of Ni, etc.. and >1 element of P, B and Si of 
composition having two elements at an eutectic point. 
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homogeneously therein. By this method, the melting point of the plated 
layers is lowered suitably and the deterioration of strength of the Joined 
members can be efFectively prevented. 
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(54) UQUID PHASE DIFFUSION JOINING METHOD IN OXIDIZING ATMOSPHERE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a joining method which dissolves the reduction of strength or toughness of a joint 
owing to a residue of a dense or band-like molten multiple oxide generating especially when the ruggedness of a joining 
groove surface is large, at the time of joining carbon steel or alloy steel through the use of a V containing liquid phase 
diffusion joining alloy (insert metal) enabling liquid phase diffusion joining in an oxidizing atmosphere. 

SOLUTION: In liquid phase diffusion joining using an amorphous insert metal as a joining foil, a joining surface is heated while 
exerting a stress of 5-50 MPa on the joining surface in a joining part atmosphere wherein oxygen of >0.1 vol.% is 
incorporated. After a temperature of the joining surface reaches a diffusion joining temperature of>a melting point of the 
insert metal, a stress to the joining part is immediately lowered to <5 MPa and held for 2-10 sec. Next, after the stress of 5- 
50 MPa is held for 1-5 sec, the stress of 1-10 MPa is held for at least 30 sec until joining is finished. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the Uquid-phase-dtSusion-welding method that the joint 
which it was useful to the liquid phase diffusion welding of carbon steel and alloy steel or the liquid phase diffiision welding of 
these alloy steel and carbon steel, and junction in an oxidizing atmosphere was possible for, and was excellent in joint intensity 
and touglmess can be obtained, in detail about the liquid phase diffusion welding of a metallic material. 
[0002] 

[Description of the Prior Art] Between the material which it is going to join, with gestalten, such as a foil, powder, or plating, 
liquid phase diffusion welding makes the alloy which has low eiitectic composition of the melting point rather than jointed 

material intervene, is pressurized, by heating a joint to the temperature of the liquidus-line right above of an insertion alloy 
(insertion metal is called below), is melting and a conjugation method which carries out isothermal solidification, and is 
considered to be a kind of a solid phase conjugation method. Since it is comparatively joinable with low welding pressure, liquid 
phase diffusion welding is technology which is used for junction with the residual stress by junction, and the need of avoiding 
deformation as much as possible, and is simultaneously applied also to junction of the difficult high alloy steel of welding, and 
heat-resisting steel. 

[0003] In many cases, the material joined by Uquid phase diffusion welding contains 0.50% or more of Cr as alloy composition. 
In order that Cr content material may form a precise oxidization Cr (in cases of many Cr2 03) coat in a front face, it is the feature 
that oxidation resistance and corrosion resistance are excellent. Therefore, naturally an oxide film will be formed in a plane of 
composition also of heating at the time of junction, wetting of the fused insertion metal is checked, and diffusion of an atom 
required for junction is remarkably barred. So, conventionally, all had to maintain atmosphere at a vacuum, inactive, or reducing 
on the occasion of junction, and had caused remarkable elevation of junction cost so that JP,53-81458,A, JP,62-34685,A, and a 
pan might see at JP,62-227595,A. 

[0004] As a result of this invention persons' repeating research, the insertion metal which contains V as a component found out 
that liquid phase diffusion welding was possible also in an oxidizing atmosphere. And although V was the element which raises 
the melting point of insertion metal, it found out that the insertion metal which excelled [ adjust / suitably / other elements (it sets 
to this invention and is Si chiefly) ] injunction nature extremely could be obtained. 

[0005] V is contained and most alloy foils for liquid phase diffusion welding to which the amount of Si was made to increase are 
unprecedented. It is Ma Yb Zc to U.S. Pat. No. 3856513. There is an indication about an alloy which has composition. The inside 
M of a formula is the metal chosen from the group which consists of Fe, nickel, Co, V, and Cr. Y is an element chosen from the 
group which consists of P, B, and C, Z is an element chosen from the group which consists of aluminum. Si, Sn, germanium. In, 
Sb, and Be, a is in the range of about 60 to 90 atom %, b is in the range of about ten to 30 atom %, and c is in the range of about 
0.1 to 15 atom %. Using the processing technology of the present common knowledge, such a material is industrially 
manufactured by the quick cooling from a melt, and is put in practical use. 

[0006] However, in this case, V was not indicated as an alloy foil for junction for the purpose of making amorphous using it as a 
base material, and an alloy. And the content of Si is low, and since it is fairly high as compared with this invention, the melting 
point of a foil is very difficult for realization of liquid phase diffusion welding. In addition, since B content also completely differs 
from this invention, the content is high and a big and rough sludge is generated to Cr content alloy side near [ Mo ] flie joint, a 
bonding strength completely becomes a low thing as compared with the joint obtained using the foil of this invention. Moreover, 
although JP,53-81458,A offers the alloy of U.S. Pat. No. 3856513 in the form of a foil, since V is not contained as a component 
in this case, the liquid phase diffusion welding in the inside of an oxidizing atmosphere is completely impossible. 
[0007] In addition, that it is with a "oxidizing atmosphere" in this invention means the atmosphere whose oxidizing power is 0.1% 
or more in an equivalent for an oxygen density, even when 0. 1% or more of oxygen gas is contained by volume % injunction 
atmosphere and oxygen tension contains ten to 3 or more, i.e., reducing gas, H2 [ for example, ], H2 S, and a steam and others. ^ 
Moreover, especially in a 2 yuan or more alloy, that it is with flie "melting point" shall mean the solidus line on the state diagram, 
unless it refuses. ^ — — ^^.^^^ 

[0008] Afready, this invention persons d<^. 1 -20.0 atom % content of "^}Jvhen constructing liquid phase diffusion welding in an 
oxidizing atmosphere, they find out that it c an join if th e ihoortion nngtarwhich increased Si is used based on the above-mentioned 
knowledge, and are indicating the technology about the alloy foil for liquid phase diffusion welding in which junction in an 
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oxidizing atmosphere is possible by JP,6-97483. The place made into the summary by atomic % Namely, less than B:0.5 - / 
10.0%, Si:15.0-30.0% and V:0,1 - 20.0% are contained, further (A) One sort or two sorts or more (Cr:0. 1-20.0%, Fe:0.1-20.0%, 
and Mo:0. 1-20.0%), And/or, one sort ((B) W:0. 1-10.0% and Co:0. 1-10.0%) or two sorts are contained. The remainder has the 
composition which consists of nickel and an unescapable impurity substantially, and it is characterized by thickness being 3.0-120 
micrometers. It is the alloy foil for liquid phase difiusion welding in which junction in an oxidizing atmosphere is possible, or is 
the alloy foil for liquid phase difiusion welding substantially characterized by a certain glassy thing in addition. 
[0009] However, ^though V which surely was added generates the oxide film and multiple oxide which are generated on the 
front face of the charge of jointed material when performing Uquid phase diffusion welding using the foil which contains V in this 
way Even if it raises the load stress at the time of junction ("junction stress" is called for convenience) to a required value so that a 
liquid metal may be contacted when a groove face is not smooth It found out that it does not fully distribute in molten metal, and it 
may remain densely to the interface of the charge of jointed material, and molten metal, or a melting ojcide may not be discharged 
witii surplus molten metal by the shell exterior between grooves, but may remain to the last solidification position of isothermal 
solidification, and may remain to band-like. Although joint intensity may be raised if it distributes minutely, when it crowded or 
coalesces, the multiple oxide which remained may reduce a bonding strength and toughness remarkably, and poses a problem. ; 
[0010] This melting multiple oxide is V2 05 which always enables junction in an oxidizing atmosphere. It is the liquid oxide 
which contains and contains the component of the oxide film generated on the charge front face of jointed material and whose 
melting point is about 600-850 degrees C, and is a product peculiar to the liquid phase difiusion welding in the inside of an 
oxidizing atmosphere, and the liquid phase difiRision welding in the inside of an oxidizing atmosphere is difficult without this 
product. And degradation of the joint property by remains of the melting multiple oxide was peculiar to V content foil in which 
junction in an oxidizing atmosphere is possible, and the solution was not found out at all. 

[001 1] a description concerning [ from a viewpoint of a property improvement of the joint of mere Uquid phase diffusion welding, 
although JP,5-3 1 8143,A has the indication of the technology of specifying the temperature at the time of junction, welding 
pressure, and time by the formula as the junction method excellent in the fatigue strength of steel materials, are not premised on 
junction in an oxidizing atmosphere, but ] V addition technology in a junction foil — there is nothing — therefore — naturally ~ V2 
05 There is also no description about the included low melting point multiple oxide. Moreover, patent No. 2541061 has the 
indication of the technology about the junction method of steel materials, and the description about control of virtual junction 
temperature and a cooling rate does not have not the technology concerning [ this of a certain thing ] junction in an oxidizing 
atmosphere but a description moreover concerning a low melting point multiple oxide in it. No such technology is the technology 
which can solve the above-mentioned technical problem. 

[0012] In order to prevent joint property degradation by this low melting point multiple oxide, a junction groove face is made 
smooth by processing irregularity smaller than the thickness of insertion metal, and how to urge uniform distribution of these 
melting oxide or eccrisis by the upsetting from a groove face can be considered. However, when the thickness of insertion metal is 
thin, precision processing of a groove face is difficult in technology, and expensive, and in order to cause elevation of junction 
construction cost, the technical problem which should be solved is left behind to industrial utilization of this junction technology. 
[0013] 

[Problem(s) to be Solved by the Invention] Making this invention in order to solve the above-mentioned technical problem, the 
summary is as follows. By mass %, at least V:0.1 - 5.0%, Si: 1.0-8.0%, ****** and fijrttifiaJi?0|5^ and P:0.5 - 5.0% of one 
sort or two sorts are contained. In the liquid phase diffusion welding the remainder ^6nskt8g pnckeljttt^^ unescapable 
impurity, and using the amorphous insertion metal of 5-100-micrometer thickness ^tK^6u amo rplious%^ more as a junction foil 
among the crystal structure oxygen ~ more than 0. 1 vol% - the joint atmosphere to iri^« dc — a bl aae of composition — 5-50MPa 
It heats applying stress. After the temperature of a plane of composition reaches the difilised-jimction temperature beyond the 
melting point of the aforementioned insertion metal immediately the stress to a joint ~ 5MPa(s) the following ~ carrying out - 
for 2 - 10 seconds - holding - subsequently - stress - 5-50MPa ** -- the stress after carrying out and holding for 1 - 5 seconds 
— 1-lOMPa ** — the liquid-phase-diffiision-welding method in an oxidizing atmosphere characterized by carrying out and 
holding for at least 30 seconds till a junction end 
[0014] 

[Embodiments of the Invention] As a result of this invention persons' analyzing the behavior in the elevated-temperature liquid 
metal of this melting multiple oxide in detail, when remains of a melting multiple oxide carried out the load of the junction stress 
to the liquid metal which insertion metal and the charge of jointed material reacted, and was generated in many cases, it traced 
that a cause was to pressurize rapidly the groove face heated by virtual junction temperature. Since the multiple oxide which 
remains in the isothermal solidification last position of the charge front face of jointed material or a junction metal was forced 
while melting smoothing of the irregularity of a groove face has not fully been carried out by the pressurization at the time of 
momentary junction, it made it clear that it is because it remains in the gap of the irregularis of a groove face. 
[001 5] Namely, what is necessary is for the fused insertion metal to carry out melting smoothing of the irregularity of a groove 
face by the chemical reaction, and just to give the time margin which can carry out migration eccrisis of the melting multiple 
oxide. Therefore, what is necessary is just to cany out the load of the required junction stress, after not carrying out the load of the 
immediately required junction stress to the joint which reached virtual junction temperature, but carrying out the load of the low 
stress and fiilly carrying out melting smoothing of the groove face rather than sufficient junction stress to hold a groove at once. 
[0016] First, the component of the junction foil used for liquid phase diffusion welding is described. All the chemical abundance 
displayed by the following explanation is mass %s. V is an element required to attain liquid phase diffusion welding, even if it is 
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among an oxidizing atmosphere, generates the oxide fihn and melting multiple oxide which were generated on the charge front 
face of jointed material in virtual junction temperature, and attains the dififtision to the charge of jointed material of a diffusion 
element, completely close with less than 0.1%, even if the amount of melting oxides in a groove increased and it made it this 
invention with the junction method of a publication, although the junction in the inside of an oxidizing atmosphere itself became 
possible when it was ineffective and exceeded 5.0% - it is ~ it is ~ the band-like remains between grooves cannot be prevented 
Moreover, the upper limit was made into 5.0%, in order to raise the melting point of insertion metal and to reduce the junction 
performance as an alloy foil for liquid phase difiiision welding. 

[OOlTJ^^^the element which amorphous generation ability is raised, and reduces the melting point of a foil and improves a 
junctibnperformance, and at less than 1 .0%, if it is ineffective and adds exceeding 8.0%, in order to reduce the fabrication 
propertvJ^main^3^#uidity) of a foil conversely, it was taken as 1 .0 - 8.0% of range. 

[0018] ^^aiidP^ the elements diffiised in the charge of jointed material, and are an element indispensable also to isothermal 
solidificaScmreSization. At less than 0.5%, in order that the melting point of insertion metal may be too high and a substantial 
virtual junction temperature may approach the melting point of a base material, the liquid phase diffusion welding of both 
elements becomes impossible. If it added exceeding 5.0%, since the structure of a foil became unstable, a big and rough boride or 
a big and rough phosphide was generated and the foil of amorphous structure was not able to be generated, it considered as 0.5 - 
5.0% of range, respectively. 

[0019] The alloy which consists of the above composition has the indispensable amorphous structure of having the structure in 
which a segregation could not manufacture violently and froze the structure in a liquid state as it was using manufacture meanses, 
such as a rapid solidification method, by the usual dissolution-casting method. Moreover, since it may be unable to correspond to 
the groove process tolerance actual [ that the bird clapper has proved experimentally that it is amorphous ] by the thickness of less 
than 5 micrometers where 60% or more is perfect by setting tiickness of a foil to 100 micrometers or less, thickness for 
application of this invention was set to 5 - 1 00 micrometers. 

[0020] Of course, it is possible to make two or more sheets of this foil pile up mutually, and to use it between the grooves of the 
charge of jointed material, the thickness of the foil for substantial junction can be set up arbitrarily, and this is an advantage in the 
case of using a foil as a cementing material. When the oxygen content of atmosphere was 0. 1 % or more, the effective thing had 
made clear e?q)erimentally the effect of the foil which added V, and it made this the joint atmosphere of this invention. 
[0021] Next, the reason for having specified the value as the stage of the stress load at the time of junction is explained below. 
Also at the lowest, beyond the melting point of insertion metal and a bird clapper are required for the temperature of a junction 
joint, and it serves as unescapable conditions by liquid phase diffiision welding. The melting point is 800 degrees C or more of 
outiines with the insertion metal containing P, and becomes about 950 degrees C or more with the foil B Accepted and contained. 
Since the upper limit of virtual jimction temperature must be below the melting point of the charge of jointed material, it is 
common to consider as about 1400 degrees C or less also including alloy steel. . 

[0022] Although it is not based on the heating method but a groove deforms by heat expansion of material when heating a groove 
to this virtual junction temperature, a double door place needs to get wet with molten metal at the time of melting of insertion 
metal, applying [ need to conq)are a groove from before heating of junction, and ] stress so that a groove nose of cam may stick 
mutually. 

[0023] Therefore, required stress is 5MPa(s). It is above, and when only a groove is intensively heated with an IH coil etc. and a 
groove deforms in response to the restraint of the material from this heating region, a groove e)q)ands locally and it becomes 
impossible for a groove to maintain the matching state in low temperature by the heading joint of the tube ends of a steel pipe with 
the stress below this. The so-called I die opening point may deform into V die opening point. In order to suppress the 
mismatching of the groove by deformation resulting from the heat expansion in such an elevated temperature, by the time it 
reaches virtual junction temperature, they are at least 5 MPa(s). It is necessary to carry out a load, on the other hand - 50MPa 
since the intensity in an elevated temperature runs short in the usual carbon steel for structures, it collapses to the inside of a short 
time and the matching of a groove becomes impossible, when exceeding and carrying out a load -- an upper limit — 50MPa(s) ** 
— it carried out 

[0024] furthermore, in continuing holding this stress between the isothermal solidification process accompanied by diflftision of B 
or P In case between grooves approaches the inside of a short time and excessive molten metal is eliminated from between 
grooves The field granularity of a groove is Rmax it is [ Rmax ] specifically one of the indication of surface roughness about a 
concavo-convex state when coarse to the thickness of insertion metal. When expressed, Rmax When a value exceeds the 
thickness of the insertion metal made to intervene between grooves, molten metal remains and crowds in a concavo-convex 
hollow, or it remains to band-like at the last solidification position. 

[0025] They are 5MPa(s) about junction stress temporarily so that continue carrying out the load of the high stress, rapid surplus 
molten-metal eccrisis sets and there may be nothing, in order to avoid this phenomenon. It is IMPa below. It is required to give 
the time which it is made to fall above and fixed time maintenance is carried out, and makes a multiple oxide generate on the 
charge front face of jointed material, it is spheroidized [ time ], and fully carries out ablation migration. The holding time in this 
case is short, and is ineffective under for 2 seconds. However, since dissolution of the oxygen from atmosphere may have arisen in 
molten metal, a lot of oxides than [ required ] may have been made to intervene between grooves and the intensity and the 
toughness of a joint may have been spoiled on the contrary when for 10 seconds is exceeded, this was limited in 2 - 10 seconds. 
[0026] Then, it is 5-50MPa in order to stick a groove completely at an elevated temperature and to complete isothermal 
solidification. The load of the stress is carried out. the value of stress - 5MPa(s) in order to make some mismatching between 
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grooves compensate and defom plastically and to stick it in the following -- inadequate — 50MPa in the stress of **, carbon steel 
or alloy steel collapses immediately, and the matching of a groove is impossible a bird clapper to the stress range - 5-50MPa 
** - it carried out In addition, although this holding time had to be controlled by deformability between heat of material, by 
maintenance of ** during 5 seconds, all material carried out creep deformation, the matching of a groove face of them became 
impossible, under for 1 second was not enough for deformation between heat, and since adhesion of a groove did not occur, the 
holding time was set as for 1 - 5 seconds. 

[0027] 1-1 OMPa which is stress required for difiusion isothermal solidification about the groove of a joint since the isothermal 
solidification process for liquid phase dififtision welding sufficient in time of change of the above junction stress load is not 
completed but the intensity of a joint falls We decided to fix and to perform maintenance more than for 30 seconds, the stress for 
groove fixation — IMPa the following — the diffiision promotion for isothermal solidification — an effect — there is nothing — 
lOMPa in order that a groove may carry out deformation collapse by creep deformation of steel materials in ** — a stress range — 
1-lOMPa **- it carried out 

[0028] In addition, it is required for especially the configuration of the carbon steel or alloy steel used as a charge of jointed 
material not to have a limit, and for there to be no gap more than the thickness of insertion metal among the fields which the 
configuration of a groove is a configuration between which a 5-100-inicrometer amorphous foil can be made to be placed, and are 
compared. Therefore, as for a groove face, it is good not to be what consists only of a single field, and it is possible for two or 
more sloping fields to a bird clapper to be also a curved surface. It is also effective to use the foil cast by the foil or curved surface 
which has the inclined plane which suited this, and possibility that the junction method of this invention will be applicable is not 
based on the configuration of a junction groove face. 

[0029] Moreover, there is no limit, non-contact or the various heating methods of a contact process, such as high-fi:equency 
induction heating, resistance heating, energization lieating, and irradiation heating, can be applied, and especially a means to heat 
a groove is a book. Moreover, in order to solve troubles, such as a shell restraint resulting fi-om local heating, it is also possible to 
hold the whole transconjugant at the fiimace in an oxidizing atmosphere, and to heat the whole uniformly. There is no limit also 
especially in cooling of the joint after junction. 
[0030] 

[Example] As shown in Table 1, about lOOg of alloys which have composition of this invention was quenched by the single 
rolling method (diameter of 300mm made from Cu alloy), and it considered as 2-2 15mm of board width, and the foil of 50.0 
micrometers of board thickness. Casting of a quenching foil held roll peripheral speed between 5.0-15.0-/s, and performed it. The 
obtained foil measured the board width and five board thickness, respectively, and after checking that the above-mentioned size is 
obtained, the melting point was measured by DTA (differential thermal analyzer). The melting point is as having been shown in 
Table 1. 

[003 1] Next, the component was identified by the chemical analysis. Table 1 is as a result of [ the ] analysis, and a unit. is mass %. 
Each of each foils makes nickel the base material, and means the sum total concentration of an impurity with the as unescapable 
difference of the sum of each component, and 100% as nickel. In the manufacture conditions of the above [ the crystal structure of 
each foil ], although it becomes any of a crystalline substance and the mixed amorphous structure to be partially, it is determined 
amorphousness, a crystalline substance, and ] by the composition whether to take which structure. 

[0032] The component and property of the comparison alloy foil to this invention alloy foil are shown in Table 2. Then, liquid 
phase diffusion welding was carried out using the insertion metal which satisfies this invention of Table 1 , and the comparison 
insertion metal (conventional-type insertion metal is included) of Table 2. The manufacture method of the foil of Table 2 is 
completely the same as that of the case of this invention foil of Table 1 . The junction examination which compares a tube end, an 
edge, and the edge section, respectively was presented using the thick plate of a steel pipe, a square steel pipe, reinforcement, an 
H beam, or various thickness as a test piece configuration. 

[0033] The exainple of junction of a steel pipe test piece is typically shown in drawing 1 . That is, the groove which has the 1st 
page of a perpendicular field to the direction 1 of a tube axis was orthopedically operated to the tube, end, and one junction 
amorphous foil 3 which has a chemical composition found in Table 3 which compared two steel pipe specimens 2 with this 
diameter of 500mm, a thickness [ of 20inm ], and a lengtii of 2000mm, and was processed between I die opening points of an 
examination pair, and a nothing and an examination pair in the shape of [ as the junction end face of a steel pipe ] a ring was The 
granularity of the tube-end groove face 4 is Rmax. It is larger than the thickness of 50 micrometers of the amorphous foil which is 
1 00 micrometers and was used with the value this time. Therefore, when joining with a Prior art, it is thought that junction in an 
oxidizing atmosphere is difficult. 

[0034] then, the steel pipe examination pair compared as shown in the ** type view of drawing 2 - it heated with the circular 
high-frequency-induction-heating coil 6 so that the joint of 5 might serve as a maximum heating temperature heating — preceding 
~ a steel pipe examination pair - the load of the stress SI was carried out to parallel with the direction of a tube axis with 
hydraulic press equipment 7 from the ends of a steel pipe 5 Power was supplied to high-frequency induction heating so that it 
could heat in 1 minute at 1 200 degrees C which is the virtual junction temperature of an experiment of an example according to 
the thickness of a steel pipe, and an outer diameter using oscillation equipment. The chemical composition of the steel pipe used 
for junction is shown in Table 4. 

[0035] While the steel pipe amounted to 1200 degrees C which is virtual junction temperature, after reducing the load stress to a 
groove to S2 and holding it for 1 1 second, it increased junction stress again, set to S3, for 1 2 seconds, after maintenance, it 
reduced junction stress, considered as joint maintenance stress S4, and interrupted and cooled heating radiationally in 1 3 seconds 
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after that. The soundness of a junction joint cut the joint to the direction of a tube axis, and the parallel direction after the 
examination, by the sub size arc test piece for tensile test of JISl 2C, carried out the tension test at the room temperature, and 
judged tensile strength as compared with the base material. One test piece for tensile test was extracted from each joint. 
[0036] The load stress SI, S2, and S3 of a groove face, S4, and the evaluation result of the tensile strength of tl, t2, t3, and a joint 
which are junction conditions were simultaneously shown in Table 5. Tensile strength is 360MPa(s). 450MPa(s) which are the 
base material intensity of the charge of jointed material when less In 80%, this was made into the threshold of a joint property and 
the joint property was judged. Since the front face of a joint is still junction, although this intensity does not become material 
science bonding-strength evaluation of a true joint as it is, it is thought that it is appropriate as a practical decision criterion. 
[0037] The bonding strength of a joint is the same level as a base material, and it is clear that joint's [ each ] by the junction 
method of this invention shown in Table 5 a bonding strength is high. Table 6 is an example of comparison when not applying the 
junction method of this invention, and each intensity of a joint is 80% or less of a base material, and it turns out that junction joint 
intensity deteriorates remarkably. In addition, the junction experiment using the foil for non-oxidizing-atmosphere junction which 
does not contain commercial V in a tentative way was conducted. Front Naka distinguished and indicated the e)q)eriment using 
the foil which does not contain V as an insertion metal kind. 
[0038] 
[Table 1] 
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1. 015 
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3.281 




4.835 


0.874 
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4.897 
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2.836 
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7.014 


4.495 


1068 
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4. 572 
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997 
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4.404 


4.854 
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4. 965 


&.69S 


1.444 
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2.376 
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3.502 


2. 137 


6.303 


4. 8S6 
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1.779 
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6.931 


3.041 


894 


2.8G9 


2. 129 
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1.768 


964 
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1. 498 


4. 564 
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3.420 
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4.478 


1.198 


867 


1. 4,'i2 


4.310 
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911 


.1.305 


4.823 
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2.512 
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[Table 2] 
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[Tables] 



B 
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V 
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2. 5 


5 


2. 5 





[Table 4] 



C S 1 


Mn 


P 


S 


0.12 0.2 


0.8 


0.018 


0.006 



[0040] 
[Tables] 
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1 


10 


2 


2 


15 


1 


1 
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465 


2 


10 


2 


2 


15 


1 


1 
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455 


3 


10 


2 


5 


15 


2 


3 


120 


458 


4 


10 


2 


5 


20 


2 


3 


600 


425 


5 


10 


3 


10 


2 0 


3 


2 
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6 


6 


3 


to 


15 


3 


2 
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7 


6 


4 


3 


17 


2 


2 
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8 


12 


2 


7 


12 


4 


2 
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9 


12 


4 


2 


15 


2 


1 
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20 
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60 
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2 


40 
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2 
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[Table 6] 
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S 1 


S 2 


1 1 


S 3 


t 2 


S4 


t 3 
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15 


60 


3 


2 


20 


5 


2 


300 


40 
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16 


10 


10 


5 


20 


5 


2 


300 


200- 




17 


10 


20 


15 


20 


5 


2 


3Q0 


25 




18 


10 


2 


2 


70 


5 


3 


600 


60 




19 


10 


2 


2 




5 


2 


600 


185 




20 


10 


0, 2 


5 


20 


5 


2 


300 


240 




21 


10 


2 


2 


15 


40 


2 


30 


35 




22 


10 


2 


5 


15 


8 


20 


300 


35 




23 


20 


1 


5 


15 


3 


5 


5. 


340 




24 


ID 


3 


a 


20 


5 


3 


600 


60 




25 


2. 


15 


3 


15 


3 


5 


300 


270 





[0042] The above result was almost the same when a square steel pipe, reinforcement, shape steel, or a thick plate was used as a 
specimen. For the inside of the example of comparison of Table 6, and the 15th joint, the initial-load stress SI is 60MPa(s). It is 
the example to which the steel pipe collapsed, the matching of a groove became inadequate while reaching virtual junction 
temperature, since it was high, and joint intensity fell. The 16th joint is lOMPa(s) about the junction stress after heating to virtual 
junction temperature. Since it was not made to often change, it is the example to which the multiple oxide remained and joint 
intensity fell into the junction metal. The 17th joint is lOMPa(s) about the junction stress after heating to virtual junction 
temperature. Shell 20MPa It is the example to which it was made to go up, the groove collapsed and it became poor [ matching ] 
since tl was moreover held 15 seconds and for a long time, and joint intensity fell. 

[0043] For the 18th joint, although it was able to take enough, the load stress S3 for groove adhesion is [ the reaction time for 
groove-face smoothing after heating to virtual junction temperature ] 70MPa(s). It is the example to which it was high, and the 
groove collapsed, it became poor [ matching ], andjoint intensity fell. For the 19thjoint, the load stress S3 for groove adhesion is 
2MPa(s). It is the example to which it was low, the groove became having carried out opening to as by heat expansion, it became 
poor [ matching ], andjoint intensity fell. For the 20th joint, the stress S2 at the time of groove-face smoothing is 0.2MPa(s). It is 
low, and the portion which a groove face does not contact with steel pipes occurs, therefore insertion metal is an example which 
serves as a non-joined joint, not got wet. The 21st joint is the example to which the time at the time of the high stress load of 
groove adhesion was as long as 40 seconds, and the groove collapsed, it became poor [ matching ], and joint intensity fell. 
[0044] For the 22nd joint, stress S4 at the time of the steel pipe maintenance for diflusion and isotiiermal solidification is 
20MPa(s). Since it was high, it is the example to which the groove collapsed, it became poor [ matching ] andjoint intensity fell. 
Since the steel pipe holding time t3 for diSusion and isothermal solidification was insufficient for the 23rd joint with 5 seconds, 
liquid phase diffusion welding is the example to which it could not attain completely, but the soldering joint portion generated, 
andjoint intensity fell. The 24th joint is the example to which liquid phase diffusion welding in air atmosphere could not be 
realized since the used insertion metal does not use it for junction by the non-oxidizing atmosphere and did not contain V as a 
component, but joint intensity fell Although the 25th joint had the low initial-load stress SI, ttie stress S2 of maintenance for 
continuing groove-face smoothing was high, maintenance was continued as it was and the maintenance stress for isothermal 
solidification and time were right, it is the example to which the groove collapsed as a result, it became poor [ matching ], and 
joint intensity fell. 
[0045] 

[Effect of the Invention] As mentioned above, liquid phase diffusion welding is possible for this invention in an oxidizing 
atmosphere, and breaking strength realizes the liquid-phase-diffusion-welding method by which about the same 
liquid-phase-diffusion-welding joint of steel materials as a base material is obtained, and it has some which become size 
extremely the place which contributes to development of industiy. 



[Translation done.] 
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